SUMMARY
INTRODUCTION
Physical activity (PA) levels of university students are a concern to educators and health authorities particularly that sedentary lifestyles are linked to ≈15% of the 1.6 million newly diagnosed chronic diseases each year (1) . Most college students' PA patterns are not at ideal levels and worsen over time (2) . For instance, in the USA, the prevalence of meeting public health moderate to vigorous PA (MVPA) recommendations among college students was 41.9% (3) , and similar research confirms a generally low PA level across these young adult populations (4) . In Egypt, only 16% of the sample of university students achieved vigorous PA (VPA) guidelines, and about one third were physically inactive (5) ; and a more recent study reported that only one third of students achieved VPA guidelines (6) . In Libya, a mere 11.2% of students achieved the VPA guidelines (7) . One in three university students are sedentary and become less physically active through their college years (8) (9) (10) ; and whilst university students are generally the more educated segment of the population, college students gain weight at a rate ≈6 times higher than that of the general population (11) .
The relationships between PA and academic achievement are inconclusive. Studies in Finland (children) and elsewhere (adolescents) reported a positive association between PA and academic achievement (12, 13) . In contrast, in Kuwait, there was no direct association between PA and academic achievement (14) ; and in the UK, there was no direct association between PA and students' academic achievement whether the indicator employed was subjective (self reported) or objective (actual module grade) (15) .
Such inconsistent findings might be due to the many variables that influence the PA-academic achievement relationship. Living situations (e.g., dorm, off campus) may influence PA behaviours; and years of college study, gender, and environmental factors may be associated with college students' PA behaviours and weight changes (2, 16) . In addition, studies of university students in Egypt and Mexico have reported some associations between some measures of socioeconomic status (e.g. father's highest education level) and students' attainment of PA guidelines (6, 17) . Likewise, for self-rated health, among adults in Saudi Arabia, limited VPA was associated with poor/fair self-rated health (18) ; and conversely, among adolescents (12-17 years) in Canada, excellent/very good SRH was more frequently reported by active adolescents (19) .
The literature reveals gaps. Whilst there exists Finnish PA studies, they seem to have focused on adolescents and young children (primary and lower secondary schools) rather than university students (12, 20, 21) . Other research in Finland that examined some PA aspects among young adults was either population based e.g. Finnish young adults (aged 18-29 years) (22) ; investigated certain groups e.g. military recruits (19-20 year olds) (23) ; or was population based and not wholly focused on PA and sedentary behaviours, e.g. as part of a large cardiovascular risk study or the young Finns study (24, 25) . Still other research in Finland (26) tracked PA from early childhood through youth into adulthood, but did not go beyond the age of 18 years thus falling short of the age of most university populations. Very little research on aspects of university students' PA has been undertaken in Finland and the very few studies that undertook such a task frequently used small samples (27) . This is despite that PA and physical inactivity are well-known protective and risk factors respectively for many chronic conditions; and, in school settings, movement can promote children's cognitive development (28) , triggering the need to evaluate the fitness-academic performance connections (29) . Since 2000, a national university student health survey in Finland was carried out only four times (30) ; and there is a dearth of government or country reports dedicated to the topic. Hence, the current study bridges these knowledge gaps to examine the factors, correlates and associations of PA and its gender differences; and associations between PA and academic achievement among Finnish undergraduates. These features attach high importance to the contributions of the current research.
The present survey of a representative sample of undergraduates at the University of Turku, Finland (7 faculties) assessed and compared, by gender, students' attainment of guidelines of four PA forms: moderate PA (MPA), vigorous PA (VPA), moderate to vigorous PA (MVPA), and muscle strengthening PA (MSPA). The study also explored the associations between two academic achievement variables (importance of achieving good grades; level of academic performance compared with one's peers) and attaining the guidelines of each of the four PA forms whilst simultaneously taking into account five socio-demographic variables (gender, age, year of study, highest education of either parent, living arrangements during university terms) and self-rated health. Hence we sought to describe and compare the levels of four PA forms, socio-demographic variables, and academic achievement by gender; explore the variables associated with achieving the guidelines of each of four PA forms (whole sample); and, assess whether the frequency of PA is associated with academic achievement.
MATERIALS AND METHODS
The study was a general student health and wellbeing survey similar to studies of student health implemented in several countries (31) (32) (33) (34) (35) (36) (37) . It included self-reported socio-demographic data (e.g., gender, age, weight, height), information on various forms of PA, as well as university study (academic achievement) related questions.
Sample, Ethics, and Data Collection
The Research and Ethics Committee at the University approved the study, and survey data were collected using a secure online self-administered English questionnaire (2013) (2014) at the University of Turku in Turku, Finland. An initial email (invitation to participate) was sent to all first, second and third year undergraduates at all faculties at the University outlining the study's aims and objectives and motivating students to complete the online survey. Participation was voluntary and anonymous (no incentives provided), and data were confidential and protected. Students were informed that by completing the online survey, they agree to participate in the study. As a follow up, two weeks after the initial email inviting the students, a reminder invitation email was sent again to all first, second and third year undergraduates. Furthermore, three posters about the study were positioned in the students' cafeteria at the University; and a reminder was posted on the University intra-web. A pilot survey was undertaken first (May 2013, random sample, 200 students) stratified by faculties. Very few participants reported any comprehensibility challenges related to the English questionnaire, and the number of missing values related to items that reasonably could be expected to be answered by all respondents was trivial. The main survey was then launched with the unmodified questionnaire (September 2013). The pilot sample was excluded from the final eligible sample that included 4,387 undergraduates at the University of Turku.
As students completed the online survey by clicking the 'submit' button, their electronic responses were automatically saved and directed to the Student Management Office at the University. The Student Management Office gathered the completed online responses, and the data were electronically entered into an excel sheet ensuring high quality assurance. After this phase was completed, the data was sent to the research team. We then electronically imported the data (no identifiers) into SPSS for the analysis. The total number of responses received was 1,177. Questionnaires were excluded where participants had not indicated their gender (n = 8), or where they had difficulty completing it in English (either answering that they had found it 'very difficult' to complete (n = 3), or not answering this question (n = 10). Therefore, 1,161 (345 males, 816 females) were included in the current analysis, and any other omissions were treated as missing values. Students' mean age was 23 (SD 5) years. Participating students were enrolled at all seven Faculties of the University of Turku (Humanities, Mathematics and Natural Sciences, Medicine, Law, Social Sciences, Education and Economics). Based on the number of returned questionnaires, the response rates were about 27%.
Health and Well-being Questionnaire
The questionnaire gathered general health/well-being data: socio-demographic variables (gender, age, year of study, religion), self-reported health (general health, health awareness, quality of life, height, weight), lifestyle behaviours (PA), and university related questions (academic performance, educational achievement). The questionnaire has been used and field-tested across different student populations (6, 7, 15, (31) (32) (33) (34) (35) (36) (37) .
Sociodemographic Variables
Age, gender and year of study at university was self-reported by the students.
Living arrangements (accommodation during university semesters/terms) (1 item): "Where do you live during university/ college term time?" (living on campus vs. not living on campus).
Socioeconomic status (SES) (2 items): "What is the highest education level of your father?". The same question was also asked about mother's education level (no formal education, primary school, secondary school, high school, bachelor's degree, master's degree and Ph.D. or equivalent). For the current analysis, we employed the highest education of either parent.
PA Variables
MPA (1 item): "On how many of the past 7 days did you participate in moderate exercise for at least 30 minutes?" Participants responded with 0-7 days. We employed a cut-off of ≥ 5 days/week (38) .
VPA (1 item): "On how many of the past 7 days did you participate in vigorous exercise for at least 20 minutes?" Students responded with 0-7 days. We employed a ≥ 3 days/week cut-off, in line with the American Heart Association guidelines (38) .
MVPA (1 item): was computed by combining together moderate PA and vigorous PA. All students who achieved either moderate or vigorous PA at the recommended level were designated as achieving MVPA (AHA guidelines for vigorous PA) (38) .
MSPA (1 item): "On how many of the past 7 days did you do exercises to strengthen or tone your muscles, such as push-ups, sit-ups, or weight lifting?" Participants answered 0-7 days. We used the cut-off of ≥ 2 days/week (38) .
Academic Performance/Educational Achievement Variables
One's academic performance in comparison with one's peers (1 item): "How do you rate your performance in comparison with your fellow students?" (5 response categories, 1 = much worse, 5 = much better) (15) . For easy interpretation, the scale was reversed for the analysis.
Importance of achieving good grades at university (1 item): "How important is it for you to have good grades at university?" (1 = not at all important, 4 = very important). For easier interpretation, the scale was reversed for the analysis.
Health Variables
Self-rated general health (1 item): "How would you rate your health in general?", 5-point response scale (1 = excellent, 2 = very good, 3 = good, 4 = fair, 5 = poor), similar wording was used by the American College Health Association (39, 40) .
Heath awareness (Keep an eye on health, 1 item): "To what extent do you keep an eye on your health?", with four point response scale (1 = not at all, 4 = very much).
Quality of life (1 item): "If you consider the quality of your life: How did things go for you in the last four weeks?" (5 categories, 1 = very badly, 5 = very well) (41) .
BMI (reported): based on self reported weight and height, BMI was calculated using Metric BMI Formula: BMI (kg/m 2 ) = weight in kilograms/squared height (m 2 ), and employed to group participants as: underweight (BMI < 18.5 kg/m 
Other Variables
Ease of completion of the questionnaire in English language (1 item): The online questionnaire was in English language and was not translated into Finnish as the great majority of students were proficient in English. Hence in the questionnaire, we included a question to inquire about the ease of completion of the questionnaire in English language: "Responding to a questionnaire in English was for me" (easy, rather easy, not as easy as if the questionnaire had been in my mother tongue, somewhat difficult, very difficult).
Statistical Analysis
Analyses were conducted employing the statistical package SPSS 14.0 (p < 0.05). For the demographic and PA variables, frequencies were calculated separately for males and females. Gender comparisons were undertaken using chi-square (χ 2 ) statistics for categorical variables. Binary logistic regression analyses examined the factors associated with achieving recommended levels of four PA forms (MPA, VPA, MVPA, MSPA) as dependent variables, adjusting for gender and all other variables in the model. For the association between the frequency of the four forms of PA (per week) and level of academic achievement compared to peers (from much worse to much better), we performed linear regression analyses, adjusting for age, sex, parent's education, BMI, and self-rated general health. Pearson correlation coefficients for all these variables entered into the model were < 0.2, suggesting that multicollinearity was not a substantial problem.
RESULTS

Sociodemographic, Academic, Health, and PA Features by Gender
The majority of participants were in the first 3 years of undergraduate study at university and there were small but significant gender differences across the years of study (Table 1) . Most students were ≤ 25 years old, with much fewer respondents in the 26-30 and ≥ 30 years age bands. About 80% of the sample did not live on university campus, with significantly more females living off campus. There were no differences in the highest education attainment of either parent. Although most participants regarded it very or somewhat important to achieve good grades in their university study, significantly more females than males regarded such achievement of good grades important.
More than 80% of the sample rated their own academic performance as better or the same when compared to their peers, with small but significant gender differences. About 75% of students 
Socio-demographic
Year of study 1st year 545 (47) 177 (51) 368 (45) 0.019 2nd year 341 (29) 106 (31) 235 (29) 3rd year 248 (21) 54 (16) 194 (24) ≥ 4th year 23 (2) 6 (2) 17 (2) Age (years) (14) 50 (14) 107 (13) Much worse 20 (2) 13 (4) 7 (1) had normal BMI (healthy weight), and females were significantly more likely to report normal BMI. The majority of students rated their health as excellent/very good/good; reported being health aware very much/to some extent; and rated their quality of life as very well/quite well, although there were significant gender differences across all these variables.
Achieving Guidelines of Four PA Forms by Gender
About the same proportions of students achieved the recommended MPA guidelines (males 16% vs. females 17%), the Fig. 1 ). Significantly more males (54%) than females (36%) achieved the MSPA guidelines. years) were significantly more likely to achieve the VPA and MSPA guidelines; and higher SES students (highest education of either parent ≥ bachelor's degree) were significantly more likely to achieve the VPA, MVPA and MSPA guidelines. As regards the academic variables, students with self-reported better academic performance compared to peers were significantly more likely to achieve the MPA guideline. For the health variables, normal BMI participants were significantly less likely to achieve the MPA, *≥ twice/week; bolded cell indicates statistical significance VPA and MVPA guidelines, and overweight/obese students were significantly more likely to achieve the MSPA guidelines. Finally, higher health awareness and better self-rated health were both significantly associated with achieving all four PA guidelines. All the other variables had no significant associations with achieving the guidelines of any of the four PA forms.
Variables Associated with Achieving Guidelines of Four Forms of PA
Association Between Frequency of PA and Academic Achievement
Increasing frequencies of both MPA and MVPA were positively associated with increasing perceived academic performance compared to one's peers (Table 3 ). The magnitudes of both associations were nearly similar (0.08), and the standardised Betas (β) for both associations were relatively small (0.020-0.026), denoting a modest correlation between academic performance compared to one's peers and PA frequency. None of the four PA forms were significantly associated with the subjective importance of achieving good grades.
DISCUSSION
About 17% of our students achieved the MPA guidelines, 29% achieved the VPA guidelines, 36% achieved the MVPA guidelines, and 41% achieved the MSPA guidelines. Our observed 36% MVPA guideline achievement (whole sample) is in line with undergraduates in the USA (41.9% prevalence of meeting public health MVPA recommendations) (3). Likewise, our observed 17% MPA guideline achievement (whole sample) supports the 12.4% MPA guideline achievement level reported across UK universities (36); and our 29% VPA guideline achievement (whole sample) was close to the 33.1% VPA guideline achievement level of students enrolled at seven universities in England, Wales and Northern Ireland (36) . However, our whole sample's MSPA guidelines achievement (41%) was higher than the 23.9% reported for undergraduates in the UK (36) , suggesting that muscle stretching and muscle strengthening workouts, muscle conditioning activities and muscle toning generally might be more popular among Finnish/Scandinavian students than in the UK. Nevertheless, our observed various PA guidelines achievement levels were all < 50%, representing a concern for the health/wellbeing of these young adults. Hence, coordinated efforts and interventions need to target these Finnish undergraduates to promote active lifestyles and more PA. Our observed association between increasing frequency of four forms of PA and perceived academic performance compared to one's peers was only significant for MPA and MVPA (not for the other two PA forms). Such selectivity in the relationship between academic performance and only some particular PA forms but not others agrees with other studies. Among students of 11 faculties in Egypt, increasing frequencies of MVPA, VPA, and MSPA (but not MPA) were positively associated with increasing academic achievement (6) . Likewise, among Dutch adolescents, overall, there was no significant dose-response association between PA and academic achievement; however, in grade 7, total PA volume (Total PA) was negatively associated with academic achievement, while MVPA was negatively associated with both academic achievement and mathematics performance. In contrast, in grade 9, both total PA and MVPA were positively associated with mathematics performance (43) . Our observation of a positive association between MPA frequency and academic achievement (expressed as academic performance compared to peers) also supported other research, where high levels of regular PA were associated with higher selfperceived overall academic performance (44, 45) .
Our students with better academic performance compared to peers were more likely to achieve the MPA guideline, similar to findings among adolescents, where not having a high level of academic achievement was associated with higher noncompliance to PA recommendations (46) . However, in Finland, self-reported PA was directly associated with academic achievement; but, objectively measured PA was not associated with academic achievement (12) ; and among first-year university students in Switzerland, better PA did not predict better learning goal achievement; and day-to-day PA was not related to daily learning goal achievement (47) . As for the second indicator of academic achievement, we observed that none of the four PA forms was significantly associated with the subjective importance of achieving good grades. Such associations of PA with one indicator of academic performance but not with the other is in line with published research and comfirms the complexity of the relationships between the various PA forms and different indicators of subjective or objective academic performance. Future research should examine which/whether particular PA forms exhibit consistent relationships with particular indicators of subjective academic achievement if any.
In terms of the strength (magnitude) of the association between academic achievement and PA frequency, our observed standardised Beta (0.026) for the positive significant association between perceived academic performance compared to one's peers and PA frequency was modest, as similarly reported in Egypt (employing the same research instrument), where the standardised β ranged between 0.05-0.07 (6) . Others have proposed that the association between academic achievement and PA is subject to PA intensity (48) ; is complex, and might be affected by academic year, PA volume and intensity, and school grade (43) . Such findings confirm the breadth of interlacing variables that contribute to the PA-academic achievement relationships.
As for gender, about the same proportions of our students achieved the MPA guidelines (16% of males vs. 17% of females), VPA guidelines (32% of males vs. 15% of females), and MVPA guidelines (37% of males vs. 35% of females). However, significantly more males than females achieved the MSPA guidelines (54% males vs. 36% of females). We are in partial agreement with undergraduates across 11 faculties in Egypt, where female students were significantly less likely to achieve not only the recommended MSPA guidelines, but also the VPA and MVPA guidelines (except for MPA) (6) . Generally, less females achieve PA recommendations (17) .
In terms of the variables associated with achieving the guidelines of each of four PA forms for the whole sample, females were significantly less likely to achieve the MSPA guideline (discussed above). Age-wise, our middle-aged students (21-25 years) were significantly more likely to achieve the VPA and MSPA guidelines, congruent with Egypt, where older students were significantly less likely to achieve the VPA, MVPA and MSPA guidelines (6) . In support, the Spanish HBSC survey (adolescents) reported that being female and being older were associated with higher non-compliance to PA recommendations (49) . In addition, our students' SES (highest education of either parent ≥ bachelor's degree) was significantly positively associated with achieving the VPA, MVPA and MSPA guidelines, in agreement with Egypt, where father's education was positively associated with VPA and MVPA guidelines attainment (6) , and in support of Mexico, where medium-high socioeconomic level students reported more activity (17) .
As for the health variables, our overweight/obese students were less likely to achieve the MPA, VPA and MVPA guidelines, similar to a statewide cross-sectional survey in Australia, where overweight persons were less likely to achieve 10,000 steps/day (50) . Likewise, attitudes and health awareness could also have an impact on PA (51) , and across our sample, higher health aware-ness and better self-rated health were both significantly associated with achieving all four PA guidelines, in line with Egypt, where students with very good/excellent self-rated health were more likely to achieve the VPA, MVPA and MSPA guidelines (6) .
The study has limitations. We examined 7 faculties at one university, and selection bias cannot be ruled out. We did not operationalize other variables that could be associated with PA: biological (parental BMI), behavioural (TV/computer habits, sports club membership, time outdoors), physical environmental (neighbourhood features), psychological (self-esteem), and seasonal features. As a cross-sectional survey, no conclusions on direction of influence can be derived. Self-reporting of the estimated PA levels could be subject to social desirability and sociability bias; objectively measured PA was not undertaken. Whilst the questionnaire inquired about various forms of PA, we did not explicitly indicate in the questionnaire what MPA and VPA entail, as we explicitly indicated what MSPA entailed. Although MPA and VPA are clear entities, particularly for young healthy adults, we cannot exclude that some students might have not been absolutely clear about what each of these two types of PA entailed. Academic achievement was also self-reported. We included a question about the ease of completion of the questionnaire in English language, and questionnaires were excluded from the analysis where participants had difficulty completing it in English, either answering that they had found it very difficult to complete (n = 3), or not answering this question (n = 10); nevertheless, despite that the great majority of Finnish students are well versed in English language, we cannot conclude that the English questionnaire was easy for all participants to complete. Despite these limitations, the study has important strengths. The large sample size (and representativeness) across many faculties enabled the calculation of precise estimates for the different variables. We also measured four different PA forms (rather than solely relying on total PA, in line with the importance of analyzing domain and intensity-specific PA levels among students); and two different academic achievement variables. The study's findings confirm some of the relationships but, in contrast to other research, in the current survey, multiple variables that could be associated with university students' PA were considered simultaneously (adjusted model). This adjustment could have possibly resulted in fewer significant associations than with other techniques, e.g. univariate analysis. To the best of our knowledge, no previous study investigated in detail the levels, gender differences and correlates of PA of university students in Finland.
CONCLUSION
Achievement of PA guidelines was generally low for this sample of Finnish students, and was associated with positive health status and with high health awareness. Universities would benefit from multipronged strategies and approaches employing effective interventions aimed at improving students' general awareness of their health and promoting more physically active lifestyles among students.
